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(57) ABSTRACT

In a method and apparatus for detecting tumorous cell tissue
in a gastrointestinal tract, electromagnetic radiation is emit-
ted in a locally defined manner from an endoscope onto cell
tissue and, after deactivation of the radiation, the decay of'the
inherent fluorescence intensity of the irradiated cell tissue,
excited by the electromagnetic radiation, is detected, with
temporal and spectral resolution and with a known scanning
rate for at least one wavelength. From the intensity measure-
ment values obtained in this manner, the difference autocor-
relation function of the intensity decay is determined, from
which a fractal dimension for the irradiated cell tissue is
determined. The value of the fractal dimension is used to
classify the irradiated cell tissue as to a degree to which the
cell tissue is tumorous.
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METHOD AND DEVICE FOR DETECTING
TUMOROUS TISSUE IN THE
GASTROINTESTINAL TRACT WITH THE
AID OF AN ENDOCAPSULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention concerns a method to detect tumorous cell
tissue in the gastrointestinal tract with the use of an endocap-
sule.

To detect carcinomas of the gastrointestinal tract—for
example in the course of a stomach endoscopy—tissue
samples are extracted and examined for the presence of a
carcinoma. A number of biopsies are frequently required. In
order to reduce their number, a procedure known as auto-
fluorescence endoscopy is used in which the fluorescence of
substances inherent to the body is utilized, which substances
occur in an increased concentration in malignant tissue due to
increased metabolic activity. An additional possibility for
biopsy control is the application of endomicroscopy, i.e. an
examination with the aid of a microscope integrated into an
endoscope, wherein a contrast agent must be administered to
the patient to stain the tissue. However, biopsies continue to
be necessary in both cases.

The extracted tissue samples are histologically examined
in a laboratory. For example, slices are produced from the
deep-frozen tell tissue samples, which slices are then assessed
by the pathologist. A high time cost is necessary for this since
not only the sample preparation, but rather also the documen-
tation and the transport require time. Wait times also cannot
be avoided. The results are often only present a few days later,
which leads to a large psychological stress for the respective
patient.

In addition to the aforementioned assessment of tissue
samples, it is also known to conduct a fluorescence cystos-
copy for a tumor diagnosis. Tumorous cell tissue is thereby
made light-sensitive with suitable chemical substances, and
fluorescence at the cells prepared in such a manner is excited
upon exposure with light. The light for excitation has a dif-
ferent color than the fluorescence light. However, the sub-
stances that are used are strongly phototoxic and can cause
necrosis at the correspondingly treated tissue. This can also
be utilized for a therapy against carcinomatous tumors, but
the knowledge of the positions and the propagation of tumor-
ous cell tissue is required.

A technique known as 5-ALA induced detection (in which
S-aminolevulinic acid is injected), or methods that are com-
mercially known as Hexvix and TOOKAD and in which other
photoactive substances are used, are used to detect tumorous
cell tissue.

It is disadvantageous that substances that are stressful to
the respective patient immediately (but also subsequently
over alonger time period) must be introduced into the body of
the patient. After the injection of the substances, the exami-
nations cannot be implemented immediately afterward since
a reaction time (that can vary from patient to patient) must
elapse.

A method for a laser-induced fluorescence of tissue is
moreover known from DE 689 25 586 T2, in which method it
should be possible to conclude the respective cell tissue type
via a fluorescence excitation and the detection of specific
characteristic wavelengths in the detected wavelength spec-
trum of the fluorescence light.

However, it has been shown that the inherent fluorescence
of'the body’s own chromophores that can be excited to fluo-
rescence in cell tissue (that can be tumorous or healthy) using
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the occurrence of a wavelength (or possibly also multiple
wavelengths) that occur in the fluorescence light spectrum is
not unambiguous since a cooperative response of the exam-
ined cells cannot be disregarded. These different factors and
the biomolecular cell structure have a strong influence, and an
association as to whether it is healthy or tumorous cell tissue
is not possible with sufficient certainty.

SUMMARY OF THE INVENTION

An object of the invention is to achieve a detection of
tumorous cell tissue in the gastrointestinal tract of a subject in
the course of a capsule endoscopy in a shorter amount of time,
and with sufficient finding certainty.

In accordance with the invention, with the use of aradiation
source present in an endocapsule, locally defined electromag-
netic radiation is emitted toward the cell tissue of the gas-
trointestinal tract that is to be examined (for example the
stomach mucosa), and after a deactivation of the radiation
source at the time t,, the decay response of the inherent
fluorescence intensity of the cell tissue that is excited by the
electromagnetic radiation is detected with temporal and spa-
tial resolution. The detection of the inherent fluorescence
intensity takes place with one or more known sample rate(s)
and is implemented for at least one wavelength. The sample
rate is preferably kept constant during the detection.

With the determined intensity measurement values, the
difference autocorrelation function C(t) of the intensity decay
response is determined according to Equations (1) and (2),
under consideration of the respective known sample rate(s).

I()=I(10)- (o)~ Lz—>0)|*[1-R(1-10) ] M

with

R(t-10)=<AIDAL1)> <AP>, and AI(H)=I(1)-I(t—>) 2)
I(t—=00) is the excited fluorescence light after an infinitely
long relaxation that is very small. The relaxation function R(t)
results from the correlation function of the fluorescence fluc-
tuations, wherein < >, represents the temporal mean.

The function C(t)=2[1-R(t)] represents the associated dif-
ference correlation function for which the following response
can be taken into account given cooperative fluorescence
processes:

CprH 3

The exponent H, or the fractal dimension of the stochastic
intensity fluctuations D that can be calculated from this, is a
characteristic value for the assessment.

D, =2-H results and can be used to differentiate healthy
and tumorous cell tissue. The exponent H can be determined
via linear regression.

The value D can be used for a classification with regard to
a tumor affliction of the respective exposed cell tissue.

A comparison with a tumor-specific threshold can be
implemented for the classification. However, a specification
of'a probability of a presence of a tumor can also take place in
the classification.

Under consideration of the specified Equations, the fractal
dimension Dy is calculated for the respective exposed cell
tissue and the value of the determined fractal dimension Dy
can then be compared with a tumor-specific threshold. Upon
exceeding the threshold, the exposed cell tissue of the cell
tissue sample is classified as tumorous. Given a shortfall of
this threshold, the cell tissue is healthy. The threshold is a
numerical value between 1 and 2.

An exposure, detection and calculation of the fractal
dimension D can thus be implemented at the examined cell
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tissue in vivo in order to localize healthy tissue and possible
tumorous cell tissue. A finding can take place at different
positions in that the endocapsule is moved, guided by mag-
nets, to the respective positions. For this an endocapsule
includes a magnet system which interacts with an external
magnetic field, for example as described in DE 10142253 C1.

In the evaluation of the intensity decay response, collective
electron transitions in cell tissue are described in the inven-
tion via an algebraic time response.

It is preferable to use monochromatic electromagnetic
radiation for the inherent fluorescence excitation of the
exposed cell tissue. Electromagnetic radiation in the wave-
length range between 200 nm and 650 nm are particularly
suitable here. Laser light sources can be used as a radiation
source. Electromagnetic radiation with a wavelength of 337
nm has proven to be advantageous for the excitation of the
inherent fluorescence.

As already noted, only a selected wavelength is detected
from the spectrum of the inherent fluorescence of the cell
tissue to be examined and then taken into account. However,
two or more wavelengths that deviate from one another and
then can be markedly larger or smaller in relation to one
another can also be taken into account.

However, it is advantageous to detect intensity measure-
ment values within an interval around a wavelength of the
excited inherent fluorescence, and to determine the difference
autocorrelation function of the intensity decay response C(t)
of the mean values that have been calculated from the fluo-
rescence intensities detected at the same time for the different
wavelengths within the wavelength interval, and to calculate
from these the fractal dimension Dy for the exposed cell
tissue.

At least 30 wavelengths from the selected wavelength
interval should be considered for the mean calculation. The
difference of the spacings of the wavelengths from this wave-
length interval that are thereby considered should be respec-
tively of equal size. For example, the detection can thus be
implemented within a wavelength interval 0421 nm=15 nm.

The detection can be implemented with a spectrometer at a
sample rate <1000 ps, preferably =100 ps, particularly pref-
erably at approximately 50 ps.

Examinations of cell tissue can be implemented at multiple
positions. However, a respective identical exposure of the
selected positions of the cell tissue should thereby be main-
tained. A respective identically large area should thus be
exposed with the same respective energy. For this purpose,
the spacing of one or more optical fibers from the surface of
the cell tissue that is to be exposed should be constant. For an
evaluation and possible consideration in an immediately fol-
lowing operative procedure on a patient (or an operative pro-
cedure that is to be implemented later) in which the exami-
nation has been implemented in vivo, the knowledge of the
respective position at the cell tissue is thus to be detected and
documented so that it can be reproduced.

The examinations of cell tissue can be implemented suc-
cessively or simultaneously at multiple positions. In the latter
cited case, electromagnetic radiation can, for example, be
directed—through multiple, correspondingly arranged opti-
cal fibers—toward cell tissue or the cell tissue sample at
various locations to excite the inherent fluorescence, and after
the deactivation of the radiation source the intensity I(t) of the
electromagnetic radiation emitted from the cell tissue as a
result of the inherent fluorescence of the cell tissue are then
directed via optical fibers to a detector.

With the invention, an examination can be implemented
promptly and directly in an operating room. The possibility
exists to differentiate tumorous cell tissue from healthy cell

25

40

45

55

4

tissue with very high probability. With knowledge of the
respective extraction location, the invention offers a good
basis for decision as to where and how much cell tissue should
be operatively removed.

A device that includes an endocapsule for implementation
of the method according to the invention is designed so that
living cell tissue, defined locally, is charged with electromag-
netic radiation emitted from a radiation source, and a detector
for temporally and spectrally resolved detection of the inher-
ent fluorescence intensity of the respective previously
exposed cell tissue is connected to an electronic evaluation
unit with which the different autocorrelation function C(t)
can be determined from the determined intensity measure-
ment values. With the electronic evaluation unit, the fractal
dimension D can be calculated and this value of the fractal
dimension D can be compared with a tumor-specific thresh-
old. An endocapsule can thereby include all required compo-
nents or only parts of these, as is explained in detail further
below.

A time-consuming preparation of the cell tissue to be
examined as it is required in a biopsy is omitted. The physical
stress of patients can thereby be reduced since the examina-
tion result is present in a markedly shorter amount of time. A
very good differentiation can be made between malignant and
benign cell tissue.

No injection of additional substances into the body of
patients (with the aforementioned disadvantages) is required
either.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram of the intensity decay response given a
constant wavelength of 421 nm, acquired with temporal reso-
lution.

FIG. 2 is a diagram of the intensity decay response
acquired with temporal resolution, created with the mean
value of multiple wavelengths within a wavelength interval
around the wavelength of 421 nm.

FIG. 3 shows the curve of the difference autocorrelation
function over time during decay of the intensity.

FIGS. 4-10 respectively show devices or endocapsules of
different embodiments in accordance with the presence
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The diagrams In FIGS. 1 through 3 are based on examina-
tions that were conducted not in vivo but rather in vitro for
reasons of simplification, and for reasons of reproducibility.
The cell tissue samples were laid in a groove that represented
a receptacle of the cell tissue samples and directed electro-
magnetic radiation via an optical fiber to specific, predeter-
mined positions of the cell tissue samples. A nitrogen laser
was used as a radiation source. The electromagnetic radiation
used for the inherent fluorescence excitation of the cell tissue
had a wavelength of 337 nm.

The extracted cell samples were cooled to a temperature of
15° C. to slow necrosis and held at this temperature at least
until the end of the examination.

After deactivation of the radiation source at t,, the electro-
magnetic radiation emitted from the cell tissue as a result of
the inherent fluorescence was directed via the same optical
fiber to a spectrometer with which a detection in the wave-
length interval from approximately 300 nm to approximately
600 nm was possible.
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A characteristic wavelength of 421 nm has been selected at
which increased intensities of the inherent fluorescence
occurred.

In the detection, a sampling rate of 50 ps was maintained
and a detection of the intensity was made from the point in
time t, over a time period of 10 ns. An evaluation according to
Equations (1) through (3) was made with the intensity mea-
surement values, and the difference autocorrelation function
was determined, as shown in FIG. 3.

Since a noise was to be recorded at the decay response of
the intensity of an individual wavelength, the evaluation was
repeated with calculated mean values in analog form. Inten-
sity values were thereby used within a wavelength interval of
421 nm=9.5 nm. FIG. 2 shows the intensity decay response
that is thus determined. The mean value calculation thereby
took place from 60 wavelengths from this wavelength inter-
val, which 60 wavelengths respectively have a difference of
0.315 nm relative to one another.

As arises from the diagram shown in FIG. 3, the value of
the fractal dimension D, can be determined with the defined
difference autocorrelation function and the slope of a straight
line with (t-t,)** and given knowledge of the exponent H.

The determined value D, can be compared with a tumor-
specific threshold for the respective examined position of the
respective cell tissue sample. For the examined tumors, this
threshold was between 1.31 and 1.32.

However, if the determined value Dy is below the thresh-
old, it can be assumed that the examined cell tissue in the
respective cell tissue sample is healthy cell tissue free of
tumor cells, at least at the location of the sample at which the
examination has been conducted.

However, the invention can also be implemented at gleast
two elements that can be detectable with the spectrometer,
which wavelengths have a larger interval from one another.
For example, the temporal intensity decay response can be
implemented at the wavelengths 370 nm and 430 nm, possi-
bly also with a described mean value calculation.

A device with which an examination (of the stomach
mucosa 1, for example) can be made in the manner described
above is either formed by an endocapsule 2 that includes all
necessary mechanisms or comprises an endocapsule in which
only a portion of the necessary mechanisms (but in all cases a
radiation source) are included, wherein the remaining portion
of'the mechanisms are located outside of the endocapsule and
outside of the patient body (see FIG. 4-10).

A magnet system 3 that serves for navigation of the
endocapsule with the use of an external magnetic field is
present in the inner space of an endoscopy 2. For fluorescence
excitation of cell tissue (for example the stomach mucosa 1),
the endocapsule 2 includes a radiation source 4, for instance
in the form of a laser diode or an LED (FIG. 4). The housing
5 of the endocapsule 2 is penetrated by an opening or, respec-
tively, a window 6 made of radiation-permeable material in
the region of the radiation source 4. The window 6 is arranged
at one end of the endocapsule 2, for example. A battery (not
shown) can be present in the endocapsule 2 to supply power to
the radiation source 4. Alternatively, the power supply can
take place via a battery or other power source arranged out-
side of the body, which battery or other power source is
connected via a connecting cable 7 with the radiation source
4. To detect the inherent fluorescence of the examined cell
tissue, a detector 11 to detect the fluorescence radiation 8 of
the cell tissue is present in the region of the window 8. For
example, the detector can be formed from one or more pho-
todiodes as well as a lens and filter system (not shown),
wherein the latter serves for spectral resolution of the inherent
fluorescence. For example, a mini-spectrometer that already
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includes an optical system for spectral resolution can serve as
a detector 11. For example, the spectrometers CM10988MA
and CM11009MA that are available from Hamamatsu Deut-
schland GmbH are suitable. The detector 11 detects the inher-
ent fluorescence intensity of the cell tissue spectrally and with
temporal resolution and relays the corresponding data to an
electronic evaluation unit 9 which is arranged within the
endocapsule 2, corresponding to FIGS. 4 and 5. The data
calculated by the evaluation unit 9, which data allow a con-
clusion about the presence or non-presence of a tumor, are
transmitted to a device present outside of the patient body
either via a radio interface 10 present in the endocapsule 2 or
with a signal line 13 (for example via the connecting cable 7).
For example, the device comprises a monitor on which a color
coding or numerical values for the tumor probability are
presented.

In the endocapsule 2 shown in FIG. 5, the radiation source
is formed by the light exit window 14 of an end of an optical
waveguide 15 arranged within the endocapsule 2. The optical
waveguide 15 is directed out of the patient body via a con-
necting cable 7 connected with the endocapsule 2, wherein
electromagnetic radiation is fed into the other end of the
optical waveguide with the aid of an external radiation source
23.

In the endocapsule 2 shown in FIG. 6, the electronic evalu-
ation unit 9 is located outside of the endocapsule 2 and also
outside of the patient body. The raw data detected by the
detector 11 are transmitted to the external evaluation unit 9
either viaaradio interface 10 or via a signal line 16. The signal
line 16 can run in a connecting cable 7 fixed to the endocap-
sule 2, wherein this connecting cable 7 can include other
additional supply lines, for instance for power supply of the
radiation source 4. However, the radiation emission can also
take place via the exit window 14 of an optical waveguide, as
in the exemplary embodiment shown in FIG. 5.

An additional structural simplification, and therefore also a
shrinking of the endocapsule 2, is achieved if the detector 11
is also arranged outside of the patient body (FIG. 7). Only an
optical waveguide 17 that ends in the region of the window 6
is present in the endocapsule 2, wherein the inherent fluores-
cence radiation arrives in the optical waveguide 17 via the
face 18 of said optical waveguide 17. The radiation source 4
can be formed by a module and an LED or alaser diode, or by
an optical waveguide 15 or by its light exit window 14. An
additional simplification of the endocapsule 2 can take place
in that an optical waveguide serving for excitation of the cell
tissue and an optical waveguide serving to detect the inherent
fluorescence are formed by a single optical waveguide 17'
(FIG. 8). Its end arranged outside of the patient body can be
associated with a beam splitter 20. With this the electromag-
netic radiation of an external radiation source 23 (thus a
radiation source 23 that is arranged outside of the patient
body) for the excitation of the inherent fluorescence can be
directed via the optical waveguide to the cell tissue, wherein
after the deactivation of the radiation source 23 the inherent
fluorescence radiation is introduced via the optical waveguide
17" into the detector 11, and its data are transmitted to the
evaluation unit 9. The optical waveguide 17' as well as the
additional aforementioned optical waveguide 15 and 17 can
be formed by one or multiple optical fibers. The optical
waveguides are advantageously provided with a protective
jacket (not shown) or travel within a connecting cable 7 fixed
to the endocapsule 2.

In all embodiment variants of an endocapsule 2 that are
described above, a laser light source 24 operating in the
visible range can be present in this. A measurement spot 25 is
generated on the examined cell tissue with this laser light



US 9,232,885 B2

7

source 24. Furthermore, a camera 26 is present in the
endocapsule 2, such that the measurement spot is visible at
the images of the examined tissue and its surroundings that
are acquired with the camera and, for example, allows an
orientation over the examined area. During the detection of
the inherent fluorescence radiation, the distance between the
detector 11 and the surface of the examined cell tissue should
not change significantly or, respectively, a change of the dis-
tance should be accordingly taken into account and corrected
in the evaluation. This is done with a distance measurement
device described in DE 102006 014 857 A1 that—in addition
to the laser light source 24 and the camera 26 —comprises an
evaluation unit (not shown) that can be integrated into the
evaluation unit 9, for example. The light beam generated by
the laser light source generates a distance-independent light
marker or, respectively, the measurement spot 25 on the cell
tissue. The shape and size of the measurement spot 25 that is
transmitted out from the camera 26 (for instance via the radio
interface 10) is thereby analyzed by the evaluation unit (not
shown) with the aid of an image processing software, and the
respective distance of the endocapsule 2 or, respectively, of
the detector 11 from the cell tissue is determined from the
shape and/or size of the measurement spot 25. A distance
varying during the measurement can thus be compensated
accordingly by the evaluation unit 9 in the calculation of the
fractal dimension D . The images acquired by the camera 26
are transmitted out via cable or via radio interface 10.

A fixed distance of the detector 11 from the cell tissue can
be achieved in that a fixing device 27 is present in the
endocapsule 2, with which fixing device 27 this endocapsule
2 can be anchored in the tissue of the gastrointestinal tract.
Such a fixing device 27 is described in DE 10 2005 032 290
Al. It comprises an anchor 28 that can be released via a driver
device 29 and is connected with the endocapsule 2 via a
thread 31. The anchor 28, for example, can be found of a
material that dissolves after a certain time. In the case of an
endocapsule 2 equipped with a fixing device 27, as well as in
other cases, it can be advantageous if radiation source 4 and
detector 11 are arranged so as to be spatially variable (for
instance are pivotable) within the endocapsule 2, as this is
indicated by the double arrow 30 in FIG. 10.

Although modifications and changes may be suggested by
those skilled in the art, it is the intention of the inventors to
embody within the patent warranted heron all changes and
modifications as reasonably and properly come within the
scope of their contribution to the art.

The invention claimed is:
1. A method to detect tumorous cell tissue in a gastrointes-
tinal tract of a subject comprising:

introducing an endocapsule into the gastrointestinal tract
of the subject and, from said endocapsule in the gas-
trointestinal tract, emitting locally defined electromag-
netic radiation toward solid tissue in the gastrointestinal
tract, and thereafter deactivating said electromagnetic
radiation, and thereby producing a decay of inherent
fluorescence intensity as a response of said cell tissue
excited by said electromagnetic radiation, and detecting
intensity measurement values that occur during said
decay of inherent fluorescent intensity;

communicating the detected intensity measurement values
to a computerized processor and, in said computerized
processor automatically determining a difference auto-
correlation function of the decay response of the inher-
ent fluorescent intensity from said detected intensity
measurement values;
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in said processor, automatically calculating, from said dif-
ference autocorrelation function, fractal dimension for
the cell tissue irradiated with said electromagnetic radia-
tion; and

making a value of the determined fractal dimension avail-

able as an electronic signal at an output of said comput-
erized processor in a form allowing a classification to be
made as to a degree to which said cell tissue that was
irradiated with said electromagnetic radiation is tumor-
ous.

2. A method as claimed in claim 1 comprising irradiating
said cell tissue with monochromatic electromagnetic radia-
tion to excite said inherent fluorescence intensity of said cell
tissue.

3. A method as claimed in claim 1 comprising detecting
said intensity measurement values within an interval around a
wavelength of the excited inherent fluorescence, and calcu-
lating said difference out of correlation function from mean
values calculated from the fluorescence intensities detected at
a same time for respectively different wavelengths within the
wavelength interval.

4. A method as claimed in claim 1 comprising implement-
ing said detecting at a constant sampling rate.

5. A method as claimed in claim 1 comprising detecting
said inherent fluorescence intensity with a spectrometer at a
sampling rate greater than or equal to 1000 samples per sec-
ond.

6. A method as claimed in claim 1 comprising irradiating
said cell tissue with monochromatic radiation at a wavelength
0f'337 nm to excite said inherentfluorescence, and detecting
said inherent fluorescence within a wavelength interval of
421.7%15 nm.

7. A method as claimed in claim 1 comprising detecting
intensity measurement values within an interval around a
wavelength of the excited inherent fluorescence, and calcu-
lating said difference autocorrelation function from mean
values calculated from the fluorescence intensities detected at
a same time for respectively different wavelengths within the
wavelength interval, and calculating said mean values for at
least 30 wavelength in said wavelength interval.

8. A method as claimed in claim 1 comprising directing
said electromagnetic radiation at said cell tissue from said
endoscope via at least one optical fiber and detecting said
intensity measurement values from light produced by said
inherent fluorescence decay conducted via said at least one
optical fiber.

9. A method as claimed in claim 1 comprising in said
computerized processor or in a separate computerized pro-
cessor, implementing an automatic classification of said
degree to which said cell tissue is tumorous by implementing
a comparison with a tumor-specific threshold.

10. A method as claimed in claim 1 comprising in said
computerized processor or in a separate computerized pro-
cessor, implementing an automatic classification of said
degree to which said cell tissue is tumorous by specifying a
probability of a presence of a tumor.

11. An apparatus to detect tumorous cell tissue in a gas-
trointestinal tract of a subject comprising:

an endocapsule configured for introduction into the gas-

trointestinal tract of the subject and comprising a radia-
tion source that emits locally defined electromagnetic
radiation toward solid tissue in the gastrointestinal tract,
and that thereafter deactivates said electromagnetic
radiation, and thereby producing a decay of inherent
fluorescence intensity as a response of said cell tissue
excited by said electromagnetic radiation;
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a detector configured to detect intensity measurement val-
ues that occur during the decay of said inherent fluores-
cence intensity and to emit electrical signals correspond-
ing to the detected intensity measurement values;

computerized evaluation unit in communication with said
detector to receive electrical signals corresponding to
said intensity measurement values from said detector,
said computerized evaluation unit being configured to
automatically determine a difference autocorrelation
function of the decay response of the inherent fluores-
cent intensity from said intensity measurement values;

in said evaluation unit being configured to automatically
calculate, from said difference autocorrelation function,
fractal dimension for the cell tissue irradiated with said
electromagnetic radiation; and

said evaluation unit being configured to make a value of the
determined fractal dimension available as an electronic
signal at an output of said computerized evaluation unit
in a form allowing a classification to be made as to a
degree to which said cell tissue that was irradiated with
said electromagnetic radiation is tumorous.

12. An apparatus as claimed in claim 11 wherein said
radiation source comprises a light exit window at an end of an
optical waveguide located within said endocapsule, said opti-
cal waveguide having an opposite end configured to be fed
with said electromagnetic radiation from an extracorporeal
radiation source.

13. An apparatus as claimed in claim 11 wherein said
detector is contained within said endocapsule.

14. An apparatus as claimed in claim 11 wherein said
detector is located outside of said endocapsule, and wherein
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said apparatus comprises an optical waveguide that transmits
light produced by said inherent fluorescence of said cell tissue
to said detector.

15. An apparatus as claimed in claim 14 wherein said
optical waveguide communicates with a light exit window of
said endocapsule, and also forms said radiation source.

16. An apparatus as claimed in claim 15 wherein said
computerized evaluation unit is located outside of said
endocapsule, and wherein said computerized evaluation unit
and said detector are configured for signaling communication
with each other.

17. An apparatus as claimed in claim 16 wherein said
computerized evaluation unit and said detector are configured
for wireless communication with each other.

18. An apparatus as claimed in claim 11 wherein said
endocapsule contains a light source operating in the visible
range, as said radiation source, and a camera operating as said
detector.

19. An apparatus as claimed in claim 11 wherein said
endocapsule contains a distance measurement device.

20. An apparatus as claimed in claim 11 wherein said
endocapsule comprises a fixing device that anchors said
endocapsule at tissue in said gastrointestinal tract.

21. An apparatus as claimed in claim 11 wherein said
endocapsule comprises a mount for at least one of said detec-
tor and said radiation source, as a mounted component, and
wherein said mount is configured to move said mounted
component within said endocapsule to vary at least one of a
location and a direction of emission of said electromagnetic
radiation and detection of said inherent fluorescence of said
cell tissue.



